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The 52 km long Dauphin River that drains Lake St. Martin into Lake Winnipeg 

in Central Manitoba has been selected as an excellent location to conduct 

detailed field investigations of freeze-up jam formation. This undertaking is part 

of the NSERC / Manitoba Hydro Industrial Research Chair in River Ice 

Engineering. The 2016-2017 winter field monitoring season presented another 

extensive freeze-up jam, caused by the relatively steep slope that occurs on the 

lower 11.2 km of the river. While previous yearsô field work relied on data from 

instrumentation deployed throughout the entire winter, the data during this 

season was supplemented by two field trips that were perfectly timed to 

coincide with the active freeze-up jam formation. Visual observations from the 

shoreline during ice shoving events, as well as unmanned aerial vehicle 

observations of these events, provided the authors with a much more detailed 

perspective on the processes involved in the ice jam development that often 

accumulates to thicknesses in excess of 3 m. These observations will be 

presented in detail, combined with the corresponding water level data and trail 

camera imagery from selected monitoring locations. 

 

 

  



1. Introduction  

The study of river ice dynamics has been given greater attention at breakup than at freeze-up.  

This is perhaps because breakup ice jams can form rapidly and cause backwater effects that can 

flood land very quickly.  The thickness of a breakup jam has historically been modeled using 

theory derived from soil mechanics; the ice is thought to behave as a granular material with 

strength (resistance) resulting largely from frictional interlocking of the ice blocks.  As confining 

pressures on the ice accumulation increase, so too does the coverôs ability to resist the external 

forces of water shear and gravity attempting to drive it downstream.  Freeze-up ice jams differ 

from breakup jams in that the air temperature is below 0°C, causing continual heat loss from the 

river (Michel 1991).  However, they are often modeled in the same way as breakup jams.  Michel 

(1991) noted that the poor documentation of freeze-up ice phenomena in the field results in the 

inability to reject numerical model outputs which are based on these assumed behaviours.  The 

formation of additional ice, in the form of sintering between ice floes or the freezing of 

interstitial water between ice floes at the surface, can add substantial strength and resistance to 

mechanical thickening (Michel 1971).  The effect of freeze-bonding has been shown to add 

strength to a floating ice accumulation in laboratory experiments by Schaefer and Ettema (1985) 

and Urroz and Ettema (1987).  It has been observed in the field that ambient air temperatures 

during freeze-up are linked to ice dynamics, and can control whether an ice cover is more prone 

to frontal progression or shoving events (Andres 1999, Michel 1984).  Michel (1991) suggested 

that shoving is much less likely during freeze-up due to freezing effects, unless the ice front 

progresses very quickly.  

 

This paper will summarize field observations made on the Dauphin River during freeze-up 2016-

2017.  Site visits were timed to coincide with ice cover progression through the relatively steep 

lower reach.  Persistent cold weather resulted in high volumes of incoming ice during cover 

advancement, resulting in a ñleading edgeò that was poorly defined (i.e. there was no distinct 

separation between a stationary cover and incoming frazil pans).  Instead, the authors observed 

the upstream portion of the ice cover to be an ñactively consolidatingò transition zone, several 

hundreds of metres long, which included regions of swiftly moving surface ice pans, followed by 

a gradual deceleration zone, and eventually a stationary zone.  The ice could appear stationary at 

a given location for a short time (on the order of 20-30 minutes or longer), then suddenly the 

cover would mobilize and the ice would shove towards a stationary point located some distance 

downstream.  Qualitative observations made from shore and with an unmanned aerial vehicle 

(UAV) were supplemented by water level measurements and meteorological data to understand 

the process of ice cover progression on the lower Dauphin River.   

2. Overview of 2016-2017 Dauphin River Freeze-up Monitoring Program  

The Dauphin River freeze-up ice regime has been monitored since 2014-2015 as part of the 

NSERC / Manitoba Hydro Industrial Research Chair in River Ice, with efforts intensifying in 

each subsequent year.  In 2016-2017, five monitoring locations were added, bringing the total to 

16 (13 of which are in the lower 12 km reach).  Figure 1 shows a map of the study area, while 

Table 1 shows the equipment deployed at each monitoring location for 2016-2017.  The 

equipment was installed over two site visits conducted on October 11-13 and October 18-20, 

2016. 

 



 
Figure 1.  Map of Dauphin River monitoring locations.  Chainage along the lower reach of the 

river is shown in red.  Environment Canada station 05LM006 is also shown for reference. 

Table 1.  Instrumentation deployed for 2016-2017 freeze-up monitoring season. 
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Water Level Logger                 

Water Temperature Logger                 

Trail Camera                 

Barometric Pressure Logger                 

Meteorological Station                 

                 

Also new to monitoring efforts in 2016-2017 was the attempt to time a site visit to coincide with 

dynamic ice cover advancement from DRLL08 to DRLL04 (past observations have shown the 

cover likely becomes grounded near DRLL08a).  To help achieve this goal, a satellite-linked 

camera was installed at DRMET, which took pictures hourly and sent one photograph daily to a 

website to be viewed in the office at the University of Manitoba.  Site visits were conducted on 

December 9 and December 12-14, 2016 to obtain visual observations of the forming ice cover.  

A survey was conducted using a Leica real time kinematic (RTK) unit on February 21-22, 2017 

to obtain the top of ice profile.  Site visits were also conducted on March 15-16 and May 15-16, 

2017 to survey near-shore ice transects and bank elevations using the RTK unit and a terrestrial 
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laser scanner to obtain an estimate of the ultimate ice thickness at select locations.  A final site 

visit on May 24-25, 2017 was conducted to collect the deployed equipment. 

3. Timing of Site Visit during Freeze-up 

Air temperature and water level data collected in 2014-2015 and 2015-2016 were analyzed to 

obtain an estimate of the number of degree days of freezing (DDOF) that are required to (i) 

develop a competent ice cover at the outlet to Lake Winnipeg, and (ii) coincide with ice cover 

progression through the steeper, lower reach.  It was found that approximately 50 DDOF were 

required to initiate cover progression near DRLL10, while at 150 DDOF the cover was 

progressing up the river in the region near DRLL06 and DRLL05.  Figure 2 shows water surface 

elevations at DRLL06 and DRLL05 in 2014-2015 and 2015-2016, respectively, and their 

corresponding DDOF. 

 

 
Figure 2.  Water levels in steeper reach and corresponding degree days of freezing (DDOF) in 

2014-2015 and 2015-2016.  At approximately 150 DDOF each year, the ice cover appears to be 

advancing up the steeper reach. 

In order to time the site visit during freeze-up 2016-2017 successfully, weather data from Fisher 

Branch was monitored daily.  Using the recorded air temperatures, a cumulative DDOF value 

was calculated.  Forecasted air temperatures were used to project the cumulative DDOF value a 

week in advance.  On December 8, the cumulative DDOF was approximately 40°C-d, and the 

forecast for the following week called for daily average temperatures consistently below -20°C.  

Unfortunately, around this time the satellite-linked camera had battery problems and was not 

sending daily photographs to the website.  To err on the side of caution, a one day site visit was 

conducted on December 9 to assess the ice cover on the river and fix the satellite-linked camera.  

Based on the observed state of the ice cover, another site visit was planned for December 12-14. 

4. Observations during Freeze-up 

The first site visit was made on December 9, 2016, corresponding to approximately 50 DDOF.  

Efforts were focused on the portion of the river downstream of DRLL06a, as ice was observed to 

be freely moving upstream of this location.  Observations began at DRLL10 at approximately 

12:00 pm.  At each site, photographs and video were taken from shore.  In the first pass from 
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DRLL10 to DRLL07 (observations ranged from 12:00 pm to 2:00 pm), the cover appeared to be 

rough and stationary, but thinner than the final cover configuration observed in 2015-2016.  

Blocks of ice, estimated to be on the order of 5-10 cm or less in thickness, protruded from the top 

of the ice cover.  Shear planes were evident near the banks; often more than one shear plane was 

present, possibly indicating that more ice remained attached to the shore with each subsequent 

shove of the ice cover at that location.  Border ice was composed of frazil pans that were 

solidified together by the freezing of interstitial water.  The ice cover near DRLL08a appeared 

thicker and rougher than the cover downstream, indicating that the toe of the jam may be near 

this location (similar to previous years).  Figure 3 shows the ice cover at DRLL07 at 1:56 pm. 

 

 
Figure 3.  Stationary ice cover at DRLL07 at 1:56 pm on December 9.  Flow is from right to left.  

Buffalo Creek can be seen in the background. 

The ice cover at DRLL06a (about 1.4 km upstream of DRLL07) was observed at 2:30 pm to be 

moving at an estimated velocity of about 0.5 m/s.  The cover at this location had nearly 100% 

surface ice concentration, and was composed of relatively thin pans that appeared to be partially 

frozen to each other as they moved downstream.  There were not distinct ice floes with open 

water separating them.  A photograph taken from shore is shown in Figure 4. 



 
Figure 4.  Ice cover at DRLL06a at 2:30 pm on December 9. 

While conducting a UAV flight from 2:50-3:00 pm at DRLL06b, the cover at this location and 

downstream near DRLL07 began moving.  The appearance of the ice cover at this time is shown 

in Figure 5.   

 

 
Figure 5.  UAV photo at DRLL06b looking downstream (taken at 2:50 pm on December 9).  

Note the shear planes along the river banks.  Cover was stationary at the time of the photo, but 

portion between the shear lines was found to be moving at 2:57 pm during shoving event. 

Observations made from 3:00-3:15 pm at locations DRLL07 to DRMET during the shove event 

were as follows.  The entire cover mobilized, and was moving with average velocity of about 

0.25-0.5 m/s.  Portions of the cover, especially near the banks, were moving at different rates, 

causing ice pieces to move on top of each other.  The cover was making a consistent sound of ice 



sliding and crushing against itself.  The cover appeared to be getting rougher on the surface, 

possibly indicating the same was true for the underside of the cover.  An immediate increase in 

water level was evident; the road between DRLL07 and DRMET was suddenly flooding over at 

its lowest point.  In total, the shove event lasted approximately 20 minutes.  The appearance of 

the ice cover from DRLL07 to DRMET during the shove is shown in Figures 6-8. 

 

 
Figure 6.  Ice cover at DRLL07 at 3:05 pm on December 9 during shove event.  The entire cover 

was moving, right up to the bank.  Flow is from right to left. 

 
Figure 7.  Ice cover between DRLL07 and DRMET at 3:08 pm on December 9 during shove 

event.  Ice piled up on the bank in the foreground was stationary, but the majority of the cover 

was moving with an estimated velocity of about 0.25-0.5 m/s.  


